In various species of animals, individuals differ in their behaviour in a particular context such when confronting a predator or when exploring a new environment, and they often show different levels of physical activity, aggressiveness and social interactions. When individual differences in behaviour persist over time and/or across situations, these behaviours are referred to as 'personality traits'. The evolutionary stability of variation in personality implies that there is no single behavioural optimum (Wolf et al. 2007 ). Inter-individual personality differences may reduce the level of competition and facilitate the exploitation of a larger range of ecological niches (Réale et al. 2007) . Hence, it is not surprising if the correlation between personality traits, so-called behavioural syndromes, depends on ecological factors such as the level of predation (Sih et al. 2004 , Bell & Sih 2007 . It may therefore be beneficial to advertise personality to potential mates or to social competitors. For instance, the type of anti-predator behaviour (avoidance/attack) may be associated with colour patterns, either because in the context of sexual selection a particular colouration signals the ability to avoid predators, or because colouration is a naturally selected trait useful in avoiding predators.
There have been several recent studies published on the observation that differently coloured individuals of the same species behave differently. Such covariation between colouration and behaviour has not only been reported in a wide range of wild animals, including fish (Kittilsen et al. 2009 ), reptiles (Mafli et al. 2011) , mammals (Trut 1999 , Kontiainen et al. 2009 ) and birds (Sternalski & Bretagnolle 2010 , Mateos-Gonzàlez & Senar 2012 ) but also in domesticated animals (Pérez-Guisado et al. 2006 , Bennett & Hayssen 2010 , Kim et al. 2010 . This suggests that colouration could reveal personality (Réale et al. 2007) . Personality encompasses several components that can all covary with colouration, such as exploration (MateosGonzàlez & Senar 2012) , aggressiveness (Senar 2006) and boldness (Mafli et al. 2011) .
Behavioural traits are particularly malleable and sensitive to environmental conditions, which explains why their within-individual repeatability and heritability is usually relatively low (Réale et al. 2007) . Since behaviours such as those associated with the avoidance of predators will evolve towards higher values in populations where predators are particularly abundant or efficient, their covariation with other phenotypes may not necessarily prevail in all populations. For instance, in the three-spined stickleback Gasterosteus aculeatus predation risk has generated a correlation between boldness and *Correspondence author. Email: alexandre.roulin@unil.ch aggressiveness, as a consequence of both behavioural plasticity and natural selection (Bell & Sih 2007) . This example demonstrates that results obtained in one population may not be applicable to other populations or species. Studies carried out in one population therefore need to be replicated in other populations in order to determine their general applicability.
We found in the Swiss Barn Owl Tyto alba alba/guttata that the degree of eumelanin-based colouration of the ventral body side, in the form of black spots of varying size located on the tip of the feathers, is associated with a type of anti-predatory behaviour (Van den Brink et al. 2012) . Compared to nestlings displaying small black spots, those exhibiting larger spots hissed more intensely in the presence of humans (a behaviour intended to scare away predators), feigned death longer and had a lower breathing rate under stress. Furthermore, offspring raised by foster parents were more docile (i.e. less agitated when handled) if born from large-spotted rather than small-spotted fathers, and also feigned death for longer if born from largespotted rather than small-spotted mothers. Thus, the degree of eumelanin-based colouration, a strongly heritable trait (h 2 = 0.82, Roulin et al. 2010) , appears to be genetically correlated with behaviour. The smallspotted individuals adopted a bold and proactive behaviour by displaying agitation while being handled, whereas the large-spotted individuals were more timid and docile when handled. Our aim here was to replicate that study in another population of Barn Owls Tyto alba erlangeri in Israel. This population is of particular interest because Barn Owls in the Middle East are less eumelanic than those in Switzerland (Roulin et al. 2009 ). We specifically examined the covariation between the size of the black feather spots, docility when handled, the time spent feigning death and breathing rate. Because behaviour is sensitive to many factors, such as body condition or date, we investigated whether covariations are conditional upon these factors.
Based on measurements taken from natural history museums (unpubl. data of the last author), in Israel Barn Owls are on average larger than those in Switzerland (bill length: 19.54 ± 0.09 vs. 19.03 ± 0.05 mm, ANCOVA controlling for sex: F 1,327 = 23.2, P < 0.0001; wing length: 294.7 ± 1.1 vs. 290.7 ± 0.7 mm, F 1,231 = 9.98, P = 0.002) and display smaller black spots (0.86 ± 0.06 vs. 1.18 ± 0.03 mm, F 1,352 = 24.6, P < 0.0001). In Israel brood size is also larger than in Switzerland (4.61 ± 0.12 vs. 4.25 ± 0.05 fledglings) (Chausson et al. 2014; unpubl . data of the second author). Personal observations indicate that in Israel Barn Owls are on average more agitated when handled than in Switzerland.
In 2012 in northern Israel (32°30´N, 35°30´E) we monitored 486 Barn Owl nestlings from 88 breeding pairs when the oldest nestling was 30 days of age, and we captured 80 of the breeding females. Immediately upon capture in their nest-box, the first author (for nestlings) and the second author (for adults) assigned a docility score between 0 and 3: minimal score (0) for individuals that did not move or hiss during manipulation; (1) hissed and/or moved very little but did not grab with bill and claws; (2) hissed, struggled, flapped wings and grabbed with their bill and claws; (3) maximal score for individuals that struggled, flapped their wings and/or hissed constantly, grabbing with their bill and claws and, when caught to be handled, lay on their back with claws raised. Females were weighed and the length of their left wing and tarsus measured to the nearest mm and 0.1 mm, respectively. As previously shown, docility is repeatable in nestlings (r = 0.27 ± 0.07, Van den Brink et al. 2012) . The first author carried out the tonic immobility test by putting each nestling on its back and restraining it for 10 seconds with a hand on its breast. The hand was removed, and latency to the nestling moving to turn and stand again was measured. If an individual remained supine for longer than 60 seconds, the test was stopped and hence 60 seconds was the maximum duration. This duration was box-cox transformed to normalize the data set. Finally, the number of breathing breast movements during 1 minute was counted immediately after the start of disturbance and again 20 minutes later (breathing movements were not counted in 11 nestlings that were panting due to warm temperatures). Because ambient temperature can induce panting and hence influence breathing rate, we recorded ambient temperature inside the nest-boxes and statistically controlled for this factor when analysing data from breathing movements. All these methods and their rationale are explained in detail in Van den Brink et al. (2012) .
Because females display on average larger black spots than males (Student's t-test comparing male and female nestlings: t 348 = 11.77, P < 0.0001; 1.22 ± 0.03 vs. 0.64 ± 0.04 mm), we identified nestling sex using molecular markers (171 males and 191 females). We recorded brood size (mean ± se: 5.97 ± 0.20 nestlings; range: 1-12), female and nestling body mass, female wing length, laying date and time of the day. Forty-two breeding females were ringed as nestlings, and hence we assigned females to either the 'yearling' or 'adult' category, because in Europe it has been shown that spots increase in size between the first-and secondyear of age (Dreiss & Roulin 2010) . The second author assessed the degree of eumelanin-based plumage in breeding females and in 55-day-old nestlings by placing a 60 × 40 mm frame on the breast within which the black spots were measured to the nearest 0.1 mm. We then calculated a mean spot diameter value to be used in the statistical analyses. Two-tailed statistical analyses were carried out with the software JMP (Sall & Lehman 1996) . We verified that associations between behaviour and spot diameter were not confounded by time of day, nestling body mass, brood size or temperature inside the nest-boxes. Dependent variables and residuals of our models were normally distributed.
Larger-spotted females bred earlier in the season (Pearson's correlation: r = 0.29, n = 80, P = 0.009; Figure 1a) , a relationship that remained significant after controlling for age in 42 individuals of known age (ANCOVA, spot size: F 1,39 = 24.9, P < 0.0001; age category: F 1,39 = 12.1, P = 0.0013). Brood size was not correlated with female spot diameter but decreased as the season progressed (multiple regression analysis: F 1,77 = 0, P = 1.0 and F 1,77 = 8.1, P = 0.006, respectively). Larger-spotted females were heavier (r = 0.26, n = 80, P = 0.018; Figure 1b) , a relationship that remained significant even after controlling for date or female wing length (not shown). We thus analysed the relationship between female docility and plumage spottiness in interaction with laying date and female body mass. In adult females a score of 0 for the degree of docility when handled was assigned to 10 individuals (12.5%), a score of 1 to 20 (25.0%), a score of 2 to 37 (46.3%) and a score of 3 to 13 individuals (16.2%). The degree of female docility was related to the size of their black spots in interaction with their body mass (multiple regression analysis, female body mass: F 1,76 = 3.6, P = 0.06, heavier birds tended to be more docile; female spot diameter: F 1,76 = 0.03, P = 0.86; interaction: F 1,76 = 14.0, P = 0.0003). By dividing the sample of females into heavy and light, based on median body mass (389 g), we found that in heavier individuals larger-spotted females were less docile (Pearson's correlation: r = 0.44, n = 41, P = 0.004, Figure 2a ), whereas in lighter individuals larger-spotted females were more docile (r = −0.37, n = 39, P = 0.022, Figure 2b ). These relationships remained significant even after controlling for date. The degree of female agitation was neither associated with female body mass, laying date nor with brood size alone, nor in interaction with the diameter of their black feather spots (P-values > 0.15).
In nestlings, a score of 0 for the degree of docility when handled was assigned to 129 individuals (27.0%), a score of 1 to 177 (37.0%), a score of 2 to 138 (28.9%) and a score of 3 to 34 individuals (7.1%). Nestling docility was related to the size of their black feather spots in interaction with date (linear mixed model on mean male and mean female siblings, and with nest as random variable explaining 48.0% of the variation; nestling sex: F 1,103.9 = 0.03, P = 0.86; date: F 1,78.18 = 10.5, P = 0.002 (nestlings were more docile late than early in the season); nestling spot size: F 1,130.6 = 0.4, P = 0.52; interaction date by nestling spot size: F 1,100.5 = 6.2, P = 0.015). By pooling nestlings handled early and late in the season based on median date (21 May), we found that larger-spotted nestlings were more docile late in the season (linear mixed model: F 1,69.57 = 5.8, P = 0.019, Figure 3a ; nestling sex: F 1,48.87 = 0.9, P = 0.33), a relationship that did not apply early in the season (P-values > 0.25). A similar interaction was noted for the tonic immobility test (linear mixed model on mean male and mean female siblings, and with nest as random variable explaining 31.9% of the variation; nestling sex: F 1,112.1 = 0.51, P = 0.47; date: F 1,79.32 = 3.1, P = 0.08; nestling spot size: F 1,132.6 = 1.5, P = 0.22; interaction date by nestling spot size: F 1,116.7 = 3.6, P = 0.05) because larger-spotted nestlings took longer to erect only late in the season (linear mixed model: F 1,68.69 = 5.2, P = 0.026, Figure 3b ; nestling sex: F 1,52.19 = 1.5, P = 0.23). Immediately after having opened the nest-boxes, smaller-spotted nestlings showed more breathing breast movements than larger-spotted nestlings and females more than males (66.4 ± 1.4 vs. 62.3 ± 1.5) (linear mixed model with nest as random variable explaining 42.6% of the variation, nestling spot size: F 1,120.5 = 4.2, P = 0.04; nestling sex: F 1,96.47 = 4.0, P = 0.04; ambient temperature: F 1,67.12 = 1.9, P = 0.17), independent of date. Twenty minutes later the number of breathing breast movements were more frequent (paired t-test: t 471 = 5.1, P < 0.0001). On this occasion, we again found that breathing movements were more frequent in females than males (69.0 ± 1.4 vs. 64.1 ± 1.4; F 1,96.46 = 6.7, P = 0.01) and in smallerspotted individuals (F 1,118.5 = 7.2, P = 0.008). However, in the same model the interaction between nestling spot diameter and date was significant (F 1,96.44 = 5.2, P = 0.02; date: F 1,72.09 = 0.01, P = 0.94; ambient temperature: F 1,65.88 = 2.8, P = 0.10) because late in the season the negative association between spot diameter and the number of breast movements was stronger (linear mixed model with nest as random variable with breast movements as dependent variable; effect of spot diameter: F 1,67.68 = 10.2, P = 0.002; Figure 3c ) than early in the season (F 1,46.01 = 0.3, P = 0.57).
Similar to the results obtained in Switzerland (Van den Brink et al. 2012), we found that larger-spotted individuals were more docile (with the exception of heavy females, for which the opposite was found), feigned death for longer and had a lower breathing rate under stress. Despite some slight differences from the Swiss study (e.g. nestling docility was correlated with paternal spot diameter, not with nestling spot diameter) that are still unexplained, our study suggests that the relationship between a heritable melaninbased trait and behaviour is similar in populations separated by more than 3000 km. This implies that the higher docility of owls with larger eumelanic spots is a general property of the family Tytonidae. In domestic animals docility is a heritable trait that can be selected for by humans in order to obtain individuals that can be easily handled and show less fear (Trut 1999 , Malmkvist & Hansen 2002 . It would therefore be interesting to investigate whether Barn Owl populations in regions that are occupied by humans at different densities, and consequently have greater or lesser contact with humans, display spots of different sizes. It would also prove valuable to determine whether owls displaying larger black spots survive better in captivity than individuals with smaller spots, and whether differently spotted captive owls react differently to the presence of humans. Our findings in Israel suggest that, compared to small-spotted Barn Owls, those displaying large spots react less strongly to stress induced by a potential predator. Thus, the link between the size of eumelanic spots and response to stress may be a general property of the family Tytonidae and other animals (Almasi et al. 2010) .
In Switzerland, a relationship was found between the docility of offspring raised by foster parents and the size of black spots displayed by their biological fathers. This suggests a genetic basis for the covariation between melanism and behaviour. In Israel we did not perform cross-fostering experiments and hence it is not possible to distinguish genetic from environmental effects on the relationship between offspring docility and plumage traits. However, the finding that the covariation between melanin-based coloration and behaviour is conditional upon date and body mass suggests that this covariation has a strong environmental component. This is particularly important given that the covariation between docility and coloration can even reverse, since larger-spotted females were less docile if heavy and more docile if light. To understand the potential adaptive value of these results and whether body mass and date have a causal effect on the covariation between behaviour and coloration, an experimental approach is necessary. Hatchlings should be systematically cross-fostered between nests to allocate randomly genotypes among environments, and rearing conditions should be experimentally modified (for instance by modifying brood size).
Finally, in most animals, darker eumelanic individuals are more aggressive than their lighter coloured conspecifics (Senar 2006 , Ducrest et al. 2008 , Mafli et al. 2011 . Thus, there is a question of why in the Barn Owl the relationship between eumelanin-based colouration and boldness is consistently reversed compared to other animals? To understand this difference between most other animals and the Barn Owl, it should be first noted that in many animals males are usually darker eumelanic than females. Hence, unsurprisingly agitation, a behaviour that is typically expressed by males, is shown by darker eumelanic individuals in most animals. Interestingly, in the Barn Owl the pattern of colouration is reversed, with females being typically darker eumelanic than males, which could potentially explain why smallerspotted individuals are more agitated. This suggests that the relationship between docility and colouration may be due to genes that have a typical male function (e.g. aggressive behaviour). In species in which males are darker coloured than females these genes may simultaneously encode for agitation and eumelanism, whereas in species in which females are darker coloured than males, these genes may encode for eumelanism and docility. We are currently investigating whether the size of the black feather spots covaries with testosterone levels; and whether genes of the melanocortin system regulate the level of this hormone, as shown in other animals (Ducrest et al. 2008) .
